Introduction
============

Pulmonary tuberculosis (PTB), a common infectious disease caused by *Mycobacterium tuberculosis* (Mtb), is an important public health problem.[@b1-copd-11-2737] In recent decades, PTB has begun to rebound quickly worldwide, and the incidence of PTB in developing countries is also relatively high compared to that in developed countries.[@b1-copd-11-2737] Chronic obstructive pulmonary disease (COPD) is a chronic airway inflammatory disease with a high prevalence rate worldwide and is one of the main causes of morbidity and mortality globally.[@b2-copd-11-2737] PTB could be a frequent comorbid condition in patients with COPD, which may be due to smoking and use of corticosteroids.[@b3-copd-11-2737]--[@b5-copd-11-2737] COPD was identified as an independent risk factor for PTB.[@b4-copd-11-2737],[@b6-copd-11-2737] COPD complicated with PTB is a dangerous combination. Also, the delayed diagnosis of PTB in COPD patients could contribute to prevent further disease progression, increase mortality, and transmission of PTB within the community, which could be an important public health issue.[@b7-copd-11-2737] Lee et al suggested that it is necessary to keep a high suspicion and regularly monitor for the development of PTB in COPD patients.[@b4-copd-11-2737]

There are several diagnostic approaches for PTB diagnosis, such as clinical features, radiological examination, and laboratory examination.[@b8-copd-11-2737] However, when PTB occurs in COPD patients, it is difficult to identify the condition at an early stage, as symptoms of PTB, such as cough and fever, could also be seen in COPD patients. Meanwhile, it is difficult to get typical radiological findings of PTB at an early stage. It has been suggested that the only definitive diagnostic method known for PTB is smear positivity or the growth of Mtb bacilli from pulmonary materials such as sputum or bronchoscopic lavage fluid. Nevertheless, it cannot be routinely performed in COPD patients, as the growth of Mtb bacilli is a specific diagnostic technology for patients suspected of having tuberculosis (TB) infection. Therefore, it is desirable to find an indicator for PTB, which may provide guidance at the diagnostic stage and could be obtained from routine examination in COPD patients.

Inflammatory markers investigated in routine blood examination are extensively used as factors for differential diagnosis and prognostic evaluation in several situations such as inflammatory diseases, cancer, and cardiovascular disease.[@b9-copd-11-2737]--[@b14-copd-11-2737] Evidences have shown that neutrophil--lymphocyte count ratio (NLR) could be used as an effective indicator for differential diagnosis between PTB and bacterial community-acquired pneumonia (CAP),[@b9-copd-11-2737] or sarcoidosis.[@b10-copd-11-2737] The importance of platelet--lymphocyte ratio (PLR) has been emphasized as a marker in some disorders such as non-small-cell lung cancer, acute coronary syndrome, end-stage renal disease, and so on.[@b11-copd-11-2737]--[@b13-copd-11-2737] However, whether PLR, a readily obtainable positive inflammation marker, could act as a potential indicator for PTB in COPD patients is unclear. This study aims to investigate the usability of the PLR for differential diagnosis between COPD patients complicated with PTB and COPD patients.

Materials and methods
=====================

The study has been approved by the institutional review board of Yiwu Central Hospital, Yiwu, People's Republic of China. As this is a retrospective study using an encrypted database, the institutional review board waived the need for informed consent for this study. Patient records/information was anonymized and deidentified prior to analysis.

Patients from the Yiwu Central Hospital who were older than 18 years and were diagnosed as COPD (control group)[@b15-copd-11-2737] or COPD complicated with PTB (PTB group) from January 2010 to December 2013 were included in this retrospective cohort study. Patients with COPD and showing growth of Mtb bacilli in pulmonary material were eligible for the PTB group. COPD patients with culture negative for Mtb were eligible for the control group.

In the present study, information such as patients' age, sex, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and complete blood count were collected retrospectively based on hospital records on the day of admission. The NLR or PLR was obtained by dividing the absolute number of neutrophils or platelets by lymphocytes in complete blood count, respectively. The complete blood count was measured by an automatic blood count device.

Exclusion criteria were as follows: presence of hematologic disorders, peripheral vascular disease; currently under steroid therapy (including the inhaled steroids), nonsteroidal anti-inflammatory drugs, anticoagulant medications; history of chemotherapy or radiotherapy within 4 weeks before enrollment; absence of Mtb pulmonary material culture, ESR, or CRP data.

Statistical analysis
--------------------

All statistical analyses were performed using Statistical Package for the Social Sciences 17.0 (SPSS Inc., Chicago, IL, USA). Continuous data are presented as the mean ± standard deviation. Continuous variables were compared by Student's *t*-test, and the differences between continuous variables with non-normal distribution were estimated with Mann--Whitney test. Categorical data are presented as frequencies. Differences between categorical variables were analyzed using Pearson's chi-square test or Fisher's exact test. Receiver operating characteristic curve analysis was performed to identify the optimal cutoff levels for NLR and PLR, and to identify the greatest sum of sensitivity and specificity for distinguishing PTB group from the control group. The ability of NLR and PLR to distinguish the PTB group from the control group was compared using the area under the curve (AUC). A *P*-value ≤0.05 was considered statistically significant.

Results
=======

A total of 170 patients who fulfilled the inclusion criteria were enrolled in the present study. The PTB group consisted of 87 patients, and the control group had 83 patients. The median age of patients in the PTB and control groups were 49 and 51 years, respectively (*P*=0.16) ([Table 1](#t1-copd-11-2737){ref-type="table"}). Also, 57% of patients were male and 36% were female in the control and PTB groups, respectively (*P*=0.67) ([Table 1](#t1-copd-11-2737){ref-type="table"}).

A statistically significant difference was found between the groups in terms of ESR, CRP, NLR, and PLR (*P*\<0.01) ([Table 1](#t1-copd-11-2737){ref-type="table"}), when the PTB and control groups were compared with each other.

A receiver operating characteristic curve was generated to determine the sensitivity and specificity of NLR, CRP, ESR, and PLR. An NLR \>2.67 was identified as the optimal cutoff value for discriminating PTB from COPD patients, yielding 61% sensitivity, 68% specificity, 72% positive-predictive value, and 63% negative-predictive value. Based on this cutoff value, accuracy of the NLR test for distinguishing TB group from the control group was 74%. The NLR AUC (0.74; 95% confidence interval \[CI\], 0.67--0.81) was significantly greater than that of CRP (AUC, 0.61; 95% CI, 0.56--0.69; *P*\<0.05) and ESR (AUC, 0.54; 95% CI, 0.45--0.60; *P*\<0.05).

PLR \>216.82 is the optimal cutoff value for discriminating PTB from the control group, yielding 92.4% sensitivity, 84.5% specificity, 91.6% positive-predictive value, and 86.2% negative-predictive value. Based on this cutoff value, accuracy of the PLR test for distinguishing TB group from the control group was 82%. The PLR AUC (AUC, 0.87; 95% CI, 0.73--0.91; *P*\<0.05) was significantly greater than that of NLR.

Discussion
==========

Inflammation plays an important role in the immune reaction against PTB. However, cellular immunity was impaired in COPD patients complicated with PTB.[@b16-copd-11-2737] The present study demonstrates that NLR and PLR, which reflect the ratio of cells in innate immunity, could be used as markers for differential diagnosis between COPD patients complicated with PTB and COPD patients.

NLR has been identified as an indicator for inflammatory diseases.[@b17-copd-11-2737] Recent studies have shown that NLR is a new marker of PTB.[@b9-copd-11-2737],[@b10-copd-11-2737] Iliaz et al indicated that NLR is a useful marker for differentiating TB and sarcoidosis.[@b10-copd-11-2737] Also, NLR plays a valuable role in the differential diagnosis between PTB and bacterial CAP.[@b9-copd-11-2737] The value of NLR was markedly higher in advanced PTB compared to that in mild to moderate PTB.[@b18-copd-11-2737] In the present study, NLR played a useful role in the differential diagnosis between COPD patients complicated with PTB and COPD patients. Based on previous studies,[@b11-copd-11-2737]--[@b13-copd-11-2737] an NLR of 2.67 was assigned as the optimal cutoff value in this study to differentiate between comorbid patients and patients with COPD alone. Actually, NLR of 2.67 has been become a gold standard in clinical practice. Therefore, in this study, an NLR \>2.67 was identified as the optimal cutoff value for discriminating PTB from COPD patients. It is similar to the value in the differential diagnosis of sarcoidosis and TB, but far from the value in the differential diagnosis of PTB and CAP. This result may due to the significantly increased neutrophil levels in the CAP, as the neutrophil levels in PTB, COPD, and sarcoidosis were increased mildly compared with the levels in CAP patients. Based on a previous study,[@b19-copd-11-2737] a CRP level of 7 mg/L and ESR of 12 mg/L were assigned as the optimal cutoff values to differentiate between comorbid patients and patients with COPD alone. In our study, the AUC of ESR or CRP was lower than NLR. These results indicate that NLR may be a marker for the differential diagnosis between COPD patients complicated with PTB and patients with COPD alone.

PLR has also been known as a marker for several diseases such as cancer, cardiovascular disease, and inflammatory diseases, and PLR \>216.82 is the optimal cutoff value for discriminating PTB group from the control group.[@b11-copd-11-2737]--[@b13-copd-11-2737],[@b20-copd-11-2737] Therefore, we selected PLR \>216.82 as the gold standard for the optimal cutoff value in this study. The pretreatment NLR and PLR represented significant prognostic indicators of survival in early-stage non-small-cell lung carcinoma patients treated with stereotactic radiation.[@b11-copd-11-2737] Akkaya et al found that PLR is a convenient, easily measured prognostic indicator for patients with acute coronary syndrome.[@b12-copd-11-2737] It is suggested that PLR is a better indicator for inflammation in end-stage renal disease patients, compared with NLR.[@b13-copd-11-2737] In the present study, the PLR AUC was significantly greater than that of NLR. The results indicate that the PLR could be a potential marker for identifying PTB in COPD patients. PLR can be obtained from a routine blood examination on the day of admission. Therefore, it can provide an opportunity to distinguish PTB at an early stage and to give timely treatment with anti-TB agents. Previous studies reported that sensitivity more than 90%, specificity more than 80%, positive-predictive value more than 90%, and negative-predictive value more than 80% are considered as the gold standard in the biomarkers for diagnosis.[@b21-copd-11-2737]--[@b23-copd-11-2737] We suggest that PLR is a useful and easily obtainable marker for identifying PTB in COPD patients.

Although we obtained some interesting findings, there were also some limitations in this study. Firstly, the patient sample size included in this study is relatively small for exploring the biomarker of disease diagnosis. Secondly, we did not investigate the other biomarkers for PTB in COPD patients in this study. Thirdly, the sample size of the COPD patients was not calculated in this study.

In conclusion, the present study suggests that both NLR and PLR reflect the ratio of cells in innate immunity, and both could be used as the markers for differential diagnosis between COPD patients complicated with PTB and patients with COPD alone. However, the AUC of PLR was significantly greater than that of NLR. Therefore, we conclude that PLR could be developed as a valuable maker for identifying TB infection in COPD patients.
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###### 

Demographic and laboratory characteristics of the population

  Characteristics     Control        PTB            *P*-value
  ------------------- -------------- -------------- -----------
  Age (years)         51 (46--71)    49 (52--66)    0.16
  Sex (male/female)   48/35          56/31          0.67
  ESR (mm/st)         16             57             \<0.01
  CRP (mg/L)          3.12±0.08      84.41±0.76     \<0.01
  NLR                 1.94±0.01      4.47±0.12      \<0.01
  PLR                 130.21±45.30   287.05±32.76   \<0.01

**Note:** Data presented as mean (range), mean ± standard deviation, or n.

**Abbreviations:** CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NLR, neutrophil to lymphocyte ratio; PLR, platelet--lymphocyte ratio; PTB, pulmonary tuberculosis.
